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O : Abstract 
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We investigate the decay of At — > A v v with the polarized baryons of A^ and A. With 
the most general hadronic form factors, we first study the decay branching ratio and then 
derive the longitudinal, normal and transverse polarizations of A in terms of the spin unit 
vectors of A& and A and the momentum of A. A polarization of A& is also discussed. 



1 Introduction 



Recently, some of the interest in flavor physics has been focused in the rare decays related 
to b — > si I induced by the flavor changing neutral current (FCNC) due to the CLEO 
measurement of the radiative b — > decay |j] . In the standard model, these rare decays 
occur at loop level and provide us with information on the parameters of the Cabibbo- 
Kobayashi-Maskawa (CKM) matrix elements [0] as well as various hadronic form factors. 
The corresponding rare decays of heavy hadrons such as A& — > Al + l~ have been studied 
in the literature @, [4j] . 

In this paper, we investigate the decay of — > A v v with the polarized baryons of 
Ab and A. To study the decay, we shall use the most general hadronic form factors for 
the Ab — > A transition. It is clear that this decay is free of long distance uncertainty like 
other di- neutrino decays of mesons ||. However, there are many form factors when one 
evaluates the hadronic matrix elements between A& and A, which are hard to be calculated 
since they are related to the non-perturbative effect of QCD. It is known that for heavy 
particle decays, the heavy quark effective theory (HQET) could reduce the number of form 
factors and supply the information with respect to their relative size. In our numerical 
calculations, we shall consider the cases with and without HQET. In our discussions of 
the decay branching ratio and the polarizations of A and A&, we shall study the standard 
model and new physics such as those with right-handed hadronic currents. 

The paper is organized as follows. In Sec. 2, we study the effective Hamiltonian for 
the di-neutrino decay of A& — > Kvv and form factors in the A& —>■ A transition. In Sec. 3, 
we derive the general forms of the differential decay rate and the longitudinal, normal and 
transverse polarizations of A. A polarization of A& is also discussed. In Sec. 4, we give 
the numerical analysis. We present our conclusions in Sec. 5. 



2 Effective Hamiltonian and Form factors 



We start by writing the effective Hamiltonian for the inclusive process of b 
n ( 6 s v y) = [ Cl s T/1 p L b + C R s^ P R b] v ^P L v , 



svv as 



with P. 



L(R) 



[1 =F 75) /2, where we have assumed that the theories contain only V — A 
and V ± A-type interactions for the lepton and quark sectors, respectively. This can be 
justified if there is no contribution to the decay from right-handed neutrinos. Moreover, 
since the neutrino masses are very small, we expect that in our study only V — A-type of 
interactions for the lepton sector is important. In Eq. (ID), Clr are defined by 
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y/2 rc sin 2 6> 
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In Xt 
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(3) 



z t -l ' {xt-lf 

where C SM stands for the contribution from the standard model, 5l,r denote the effects 
from new physics, x t = mf/M^, and r]n C D = 0.985 is the QCD correction M. In the 
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standard model, one has that 5l,r = 0. The constraints on 5l,r will be discussed in Sec. 
4. For calculating exclusive decays such as A& — > A v i>, one has to evaluate the hadronic 
matrix element of the A& — > A transition. In general, one can express the vector and axial 
vector currents for the transition as 

(A| s 7 M b \A b ) = f 1 u A 'j f ,u Ab + if 2 u A a fl „ q v u Ab + hq^Uj^u^, 
(A | s 7 M 7 5 b \A b ) = giu A ^^u Ab + ig 2 u A a fn/ q u j 5 u Ab + g^u^u^ , (4) 

where /, and ^ (i = 1, 2, 3) are the form factors and q is the momentum difference of the 
baryons, i.e., q = p Ab — p A . It is clear that the terms corresponding to f% and g% have 
no contribution to the di-neutrinos decays for the massless neutrino case in the standard 
model, while that for the massive neutrinos, the effect is negligible. Therefore, we shall 
consider only the four independent form factors of f\ t2 and g^ 2 i n Eq. (^). From Eqs. ([!]) 
and (|4]), we obtain the general form of the transition matrix element for A b — > Avv as 

M = {Fxupa^u^ + GiMA7 M 75MA b + F 2 u A kli^k h + G 2 u A ^7 M 7 5 WAi, 7^*7 (5) 
where 

(7r + Cl Cr — Cl 1 . 1 n s 
^ = g & ' * = 2 ^ ' ^ = ' ' ' ^ 

In HQET, the matrix elements in Eq. (||) can be simplified. Explicitly, from Ref. Q, 
one has that 

(A| s T 6 |A 6 ) = ua ^2) Tuaj , (7) 

where T denotes the possible Dirac matrix and v = P Ab /M Ab is the four- velocity of A b . 
Comparing Eq. (0) with Eq. (f|), we get 

fi = 9i = ?\ + 

/a = ^2 = t^ 2 , (8) 

where r = M\jM\ . Clearly, based on HQET, the form factors corresponding to the 
vector current are the same as that to the axial vector one, and the parts of the electric 
and magnetic moment are suppressed by the mass of the heavy particle. Therefore, there 
are only two independent form factors J-\ t2 and the form factors of the hadronic vector and 
axial vector currents are larger than that of the hadronic electric and magnetic currents 
in HQET. 

3 Differential decay rate and Polarizations 



To study the polarized baryon [B = A b or A), we write the four-spin vector of the baryon 

as 

._ i' -Li ' - ; : \ls 



Pb-^b t s° B , 

, B ~ 77 , S B = £b + T< 7T7-PB, (9) 



M B " Eb + Mb 1 

where ps is the momentum of B and £b is the unit vector along the baryon spin in its 
rest frame. 
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In the Ab rest frame, we choose the unit vectors along the longitudinal, normal, trans- 
verse components of the A polarization as ii (i = L, N, T), defined by 



e N 



PA 

IpaI ' 

eL x [£ Ab x e L 
U b x e L , 



(10) 



respectively, where p A is the momentum of A. 

The partial decay rate for A b (p Ab , s Ab ) — > A(p A , s a )^G°i)^(P2) is given by 



dT 



4M A 



■MM ] d§ 



(2tt) 4 5 4 (p Ab -pk-pi- p 2 ) 



d 3 p A d 3 pi d 3 p 2 
(2vr) 3 2E a (2tt) 3 2Ei (2vr) 3 2E 2 



(11) 



In the Ab rest frame, by integrating the phase space of v and from Eqs. (|5]) and (|Tl"l) 
the partial decay rate in terms of the energy and polarizations of A is then given by 



dT 



1 + T e L ■ U b 



1 + Pa ■ 6 



with 



and 



Pa 



1 + %e L ■ 6 



1- + T e L ■ £a„ e L + —e N + —e T 



h 



h 



(12) 



(13) 



(14) 



Ji h 

where the factor 3 in Eq. (|T3|) represents three families of neutrinos and Ii are defined by 

h = (\F 1 \ 2 + \G 1 \ 2 )(q 2 p Ab -p A + 2p Ab -qp A -q)+3(\F 1 \ 2 -\G 1 \ 2 )M Ab M A q 2 

- (\F 2 \ 2 + |G 2 | 2 ) (q 4 p Ab ■ p A - Aq 2 p Ab ■qp A -q)-3 (\F 2 \ 2 - \G 2 \ 2 ) M Ab M A q 4 
-6M Ab q 2 p A ■ q (Re F 2 F* - Re G 2 G\) + 6M A q 2 p Ab ■ q (Re F 2 F* + Re G 2 G{) ,(15) 



-2 Re FiG\M Ab [q z - 2p A ■ q) yj E{ - M{ + 2M Ab q \J E A — M A x 
ReF 2 Gt (M A( , + 3M A ) - ReFiG^ (M Ab - 3M A ) + Re F 2 G* 2 (q 2 + 4p A ■ q)} (16) 
2ReF 1 GJM Ab (g 2 + 2p Ab ■ q) y/ ' E\ — M\ — 2M Ab q 2 ^E\ - M 2 x 
Re F 2 G\ (M A + 3M A J + Rei^ (M A - 3M A J - Re F 2 G* 2 (q 2 - 4p Ab ■ q)] (,17) 



h = (|^i| 2 - |d 



M 



A h 



M A 



(El-M 2 ) [2M\-q 2 -2p A -q 



Ea 
M a 



(2p Ab -qp A -q- q 2 P Ab ■ p A )] + (\F 2 \ 2 + \G 2 \ 



-M Ab E A q* + ^(E 2 A -M 2 ) +(\F 2 \ 2 -\G 2 



M, 



M A 



PAb ■ p A q A + 4M 2 ( E 



M 



■E A q z p A -q + -^q 2 [E_ 



2 (ReF 2 F* + ReG 2 Gl) 
+ 2(ReF 2 F* -ReG 2 Gl) 



x 



M A ~' M A 

[%V-? + %g 2 (#i-M 2 

- (|iq| 2 - Idl 2 ) (2p A& -qpA-q- q 2 P Ab ■ p A ) + (\F 2 \ 2 - |G 2 | 2 ) q 4 P Ab ■ p A 

- (l^l 2 + |G 2 | 2 ) M Ab M A q 4 + 2 (Re F 2 F* - Re G 2 G\) M A q 2 p Ab ■ q 
-2 (Re F 2 F* + Re G 2 G\ ) M Ab q 2 p A ■ q , 

2 Im F 1 G* l M AbS /E A r ^Mj(q 2 - 2P Ab ■ q) + 2M Ab q 2 ^E\ - M\ 



x 



M Ab (ImF 2 G* - lm F X G* 2 ) - M A (Im F 2 G\ + ImF^) + q 2 lmF 2 G\ 



Here the kinematics and the relationships for the form factors are given as follows: 



q 

PA b ■ Pa 
VA b -q 
Pa ■ q 



Ml + M{ - 2M A E A 



M Ab E A , 
M 2 - M Ah E A 



L A b 



M Ah E A 



M 



A • 



and 



GjG* k 

F 3 G l 

l^l' + l^l 2 
I T? I 2 \C I 2 



fjfk 

9j9k 
fj9k 



C R \ 2 + \C L 



\c R \ 2 + \C L 



\c 



R\ 



\Cl 



+ -ReC L C* R 



ReC L C* R 



\ (f 2 + £) (\C R \ 2 + \C L \ 2 ) + 1 -(f 2 - gf) Re C L C* R , 
T (/ 2 - 9 2 ) (\C R \ 2 + \C L \ 2 ) + 1 -(f 2 + gf) Re C L C* R . 



(19) 
(20) 



(21) 



:22) 



From Eq. ([13]), we can find the decay rate of A& — > Az/z/ by integrating the energy of 
A. The solid angle and the numerical values for the decay branching ratio are shown in 
the next section. In the standard model, the dominant and subdominant contributions to 
decay rate in Eq. ( Jl3| ) are the first and last terms in Eq. (|15|), which are proportional to 
(fi + gf) and (/1/2 + PiS^), respectively. Since the form factors of f 2 and g 2 are negative 
||, the term relating to (/1/2 + gigi) gives destructive contribution to the decay rate. 

The three components of Pa in Eq. (|14]) , corresponding to the longitudinal, normal 
and transverse polarization asymmetries of A, can be also defined by 



Pi 



dv (e 



B ■ Zi 



dr (e 



b ■ e { 



dr (| 



b ■ e» 



dT (| 



b ■ ei 



-1 



L,N,T) 



(23) 



respectively. 
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When A is not polarized, that is £a = 0, from Eq. (|T2|) by summing the spin of A we 
obtain 

dT = —(l + a Ab i Ab -e L ) (24) 

with 

«A b = y- (25) 
From the above equation, we may write the polarization of as P Ab defined by 

Pa„ = «A b , (26) 
when £a = 0. For unpolarized A b , i.e., £a 6 = 0, one obtains that 

Pa = a A e L , (27) 

where 

« A = y, (28) 

which implies that the A polarization is purely longitudinal. In this case, one has that 
Pl = ctA and Pjy = Pt = 0. We note that, in the standard model, the longitudinal 



polarization of A in Eq. (|27|) and the polarization of A& in Eq. (26) are independent 
of the couplings due to the cancellations between I 3 2 and Ji, respectively. Thus, these 
polarizations in A& — > Avv are constants and the hadronic form factors are the only 
theoretical uncertainties. 

We note that the transverse component (Pt) of the A polarization in Eq. (|T4|) is a 
T-odd quantity. A nonzero value of Pt could indicate CP violation. In the standard 
model, since there is no CP violating phase in the CKM elements of V t bV t *, it cannot 
induce Pt in the decay of A& — > Avv with polarized initial and final baryons. Clearly, 
if the transverse A polarization is measured in an experiment, it could tell us that there 
exist new CP violating sources and new types of interactions as well in nature. 



4 Numerical Analysis 

In this section, we study the numerical values of the decay branching ratio and polariza- 
tions of Af, — > Avv in the standard model and theories of new physics, respectively. 

As mentioned in Sec. I, in general there are four hadronic form factors, fi and gi (i = 
1,2), for the A& —>■ A transition. But, under the assumption of HQET, the four, related 
to T\ and JF 2 , becomes two. For simplicity, we take HQET as a good approximation and 
use the results of Ref. || where T\ and JF 2 were calculated by using the QCD sum rule 
approach. However, in the approach there is a undetermined parameter, so called the 
Borel parameter (M), introduced for the suppression of the contribution from the higher 
excited and continuum states. It is found that 1.5 GeV < M < 1.9 GeV from the analysis 
of Ref. [[|. For our numerical calculations, if it is not mentioned further, we take M = 1.7 
as an input value. 
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The new physics parameters of 5l and Sr can be limited by the decay branching ratio 
of B — > XgUfy, given by 



B (g -> A>z7) 3«L |^| 2 X 2 (x f ) g , 2 2 x 

S(S-X c ez>) -47rsin 4 ^|^| 2 / (z) «(^' + L ' + ' * U [ ' 

where f(z) is the phase-space factor, k{z) is the QCD correction for B — ► X c ez/, 2; = 
m c /rrib, and 77 denotes the QCD correction to the matrix element of 6 — > svza By taking 
B(B -»■ X c ez>) = 11%, /0) = 0.49, «(» = 0.88, 77 = 0.83 and m t (m t ) = 165 Gel/, and 
using the limit of B(B — ► X s pv) < 7.7 x 10~ 4 ||, we obtain the constraint on 5^ as 
follows: 



|1 + 5 L | 2 + |5 fi | 2 < 19.3. (30) 

Clearly, as we can see from Eq. (pOf), large ranges for the values of 5^ are allowed. 
However, it will be shown in Sec. 4.2 that by requring the longitudinal polarization of A 
being less than one, the parameters of 8l } r can be further constrained. 



4.1 Decay branching ratio 

• In the standard model 

In this subsection, we estimate the decay branching ratio of A& — > Ai/u in the standard 
model with and without the assumption of HQET. It is known that so far there is no full 
calculation on the form factors of vector and axial vector currents for baryonic decays. 
Therefore, for the non-HQET case, we still use the results of Ref. || but take several 
values of gi/ fi (i = 1,2) around one required by HQET. In Table 1, we show the decay 
branching ratio with different ratios of g^j fi. From the table we clearly see that even 
the differences of gi/ fi are up to 20%, the influence on the decay branching ratio is only 
at a few percent level. Since we know that fi (#2) <^ fi (<?i) by Eq. (|j) due to the 
suppression of the heavy quark mass, if one excludes the contributions of fi and gi by 
taking g 2 = fi = 0, there will be 15% deviation on the decay branching ratio. 



Table 1: Upper table is the branching ratio for A& — > hvv decay with different ratio gij fi\ 
lower one shows the branching ratio while excluding fi and gi. 



9\/h = 92/ 'J 2 


0.80 


0.90 


0.95 


1.00 


1.10 


1.15 


1.20 


10 5 5(A fe -> Auu) 


1.498 


1.530 


1.547 


1.566 


1.606 


1.627 


1.650 


9x1 h (92 = h = 0) 


0.80 


0.90 


0.95 


1.00 


1.10 


1.15 


1.20 


10 5 5(A fe -> Auu) 


1.584 


1.684 


1.739 


1.796 


1.920 


1.986 


2.055 



In Figures 1 and 2, we show the differential decay branching ratio as functions of the 
A energy. We note that in Figure 1 there is a turning point around E\ w 1.9 GeV. The 
ratios for gi/ fi > 1 are higher than that of g%/ f% < 1 in the higher E\ region, whereas it 
is opposite for the lower one. The reason is due to the second term of (|-Fi| 2 — |Gi| 2 )g 2 in 
Eq. fll~5|) . While lowering E\, q 2 will be increased; and if E\ is over 1.9 GeV, because of 
entering the small q 2 region, the term becomes less important. 
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Table 2: The branching ratio for the different values of the Borel parameter M. 



M 


1.5 


1.7 


1.9 


10 5 B{A b -> Kvv) 


1.780 


1.566 


1.554 



For completeness, in Table 2 we present the decay branching ratios for different values 
of the Borel parameter and in Figure 3 we show the differential decay branching ratio 
with A energy. We see that for the smaller Borel parameter there is a larger deviation 
(14%) comparing with that for M — 1.7. 

Finally, it is interesting to note that by defining 



a B 



J dT°dE A 



we have that a A ~ —1 and a A , ~ —0.33. 



[B = A&, A) 



(31) 



• New Physics 

If the hadronic sector involves only the left-handed interactions, from Eqs. ([15]) and 
(|2|) we see that the decay rate depends on \Cl\ 2 . However, if the right-handed current 
interaction is included, the dependence becomes (|(7r| 2 + \Cl\ 2 + Re ClC* r ). Since the 
interference term is associated with a large product of form factors, /i<7i, even for a small 
Cr case, the physics beyond the standard model still makes a sizable effect. In Table 3, 
we take a few allowed sets of (Sl,Sr) from new physics and show the decay branching 
ratio of A b — > hvv. 



Table 3: The branching ratio from new physics for the different parameters of 5l and Sr 
with gi/fi = 1. 



(h, Sr) 


(-2.25,-0.50) 


(-1.25,-1.50) 


(0.10,0.25) 


(0.50,2.25) 


W b B(A b -> Kvv) 


4.32 


4.51 


2.65 


19.5 



4.2 Polarization asymmetries 

To discuss the numerical values of the A polarizations we assume that h/ h^L- £,A b is small 
so that we shall neglect this term in our calculations. We also assume that £a = when 
we study the A& polarization. For the form factors of fi and gi, we will use the relations 
in Eq. (P) and consider the cases with and without /2 and #2- To illustrate the numerical 
values of the polarizations, we define the average polarization asymmetries as 

P t = / PidE A /M Ab , i = A b , L, N, T (32) 

•* -^min 

where £ max = (M| 6 + M 2 A ) / (2M A ) and E min = M A . 
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• In the standard model 

As discussed before, if there exist only left-handed interactions, the coupling depen- 
dence for the longitudinal and normal polarization asymmetries will be cancelled between 
the numerator and denominator. While for the transverse part, since there are no CP 
violating phase and long distance effect, it is expected to be zero. It is clear that the the- 
oretical uncertainties for the polarizations are from the hadronic transition form factors 
and the CKM matrix elements. 

Table 4: The average polarization of A& and longitudinal and normal polarizations of A 
with and without f 2 and g 2 in the standard model 





io 2 i\ 


10 2 P L 


10 2 Piv 


fi/gi = 12/92 = 1 


-7.40 


-31.30 


5.42 


fl/9l = l,/2 =92 = 


-8.66 


-27.12 






In Table 4, we show the average longitudinal and normal polarization asymmetries 
of A and the polarization A& with and without f 2 and 92 in the standard model. From 
the table, we see that the effects of f 2 and g 2 are between 13 — 17%. In the HQET 
limit, the dominant term of the A normal polarization asymmetry is proportional to 
— (/1/2 + 9192) <f Pk ■ q and this contribution is negligible when f 2 and g 2 are small. 

• New Physics 

To search for the new physics effects, in Figure 4, we plot the contour diagrams with 
several fixed values of the decay branching ratio and the longitudinal polarization of 
A. Here we have assumed that there are no phases for Sl,r- We note that \Cr\ > \Cl\ 
corresponds to a\ > 0, while \Cr\ < \Cl\ is for a\ < 0, since a\ is related to |C_r| 2 — \Cl\ 2 - 
The forbidden regions in second and fourth quadrants denote not only a\ > 1 but also 
h(3)/h > 1- Therefore, we obtain a further constraint on 8l,r that (1 + Sl) and 6~r should 
take the same sign in order to have the condition of a& < 1. When the decay branching 
ratio and a a in At — > Aui> are measured, we can determine the magnitude of Cl and Cr 
and the relative sign (same sign) of them but not the individual. 

From Eqs. ( [L9|) and (p2[) , we see that if the theory involves only the left-handed 
interaction, i.e, 8l 7^ and 5r = 0, Pjv is the same as that in the standard model because 
of the cancellation of the coupling constants. For the case where Sr 7^ 0, the dominant 
terms for P N are proportional to f1C^C* R and fxf^^C^ + |Cl| 2 )- As we know that 
/2 < 0, j 2 <C fx and ClC* r > from the constraint of a\ < 1, even with a small value 
of |Cr|, the sign of Pn can be changed from the positive (SM-like model) to negative. If 
the opposite sign of Pjv is measured experimentally, it clearly tells us that there is new 
physics of the right-handed interaction. In Table 5, to show the new physics affect for 
the polarization asymmetries of polarized A^ and A in the di-neutrino decay, we list the 
average A longitudinal and normal and A& polarization asymmetries with the same sets 
of (5l, Sr) as Table 3. The distributions for the polarizations of A& and A with respect to 
the A energy are shown in Figures 5 — 6, respectively. 

For the transverse polarization asymmetry (Pt) which is related to CP violation, from 
Eq. ( p0"D we see that it depends on Im{l+5L)5 R . Thus, a non-vanished CP violating phase 
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Table 5: The average polarization asymmetries for different values of Sl and Sr from 
new physics with Qi/ fi = 1. 



Sl 


Sr 




10 2 P L 


10 2 P N 


-2.25 


-0.50 


-4.91 


-14.68 


-8.59 


-1.25 


-1.50 


6.81 


23.05 


-2.84 


0.10 


0.25 


-6.38 


-20.67 


-4.77 


0.50 


2.25 


2.51 


7.11 


-11.42 



Sl or Sr will induce P?. In Table 6, we just show a few possible sets of Sl and Sr, where 
the blank values denote the exclusion by the condition of the longitudinal polarization to 
be less than 1. From the table, we see that the CP violating polarization can be large. In 
Figure 8, we show P T in terms of the A energy. 



Table 6: The average transverse polarization asymmetry (Pt) for CP violating theories 
with different complex parameters of Sl,r and g%/ fi = 1. 



10 2 P T 


S R = 0.1 + i0.05 


5 R = 1.5 + i0.5 


S R = -0.1 - i0.05 


ffje = —1.5 — *1.0 


S L = 0.1 + i0.05 


1.39 


3.22 






S L = 0.5 + iO.l 


1.00 


3.11 






S L = -2.1-H0.5 






2.53 


1.50 


S L = —2.5 + il.5 






1.88 


16.39 



5 Conclusions 

We have studied the decay of A& — > Kvv with the polarized baryons of A& and A. The 
general form for the decay branching rate and the polarizations of A& and A in terms of 
the general hadronic form factors have been given. 

In the standard model, we have found that the decay branching ratio of A& — ■> Kvv 
is between 1.5 to 2.0 x 10~ 5 . The average longitudinal polarization of A is around 30% 
while that of the normal one is small. Moreover, since there is no CP violating phase 
from V t bV t * s , the A transverse polarization is expected to be zero. The magnitude of the 
average A fe polarization is below 10%. 

With new physics, such as the possible right-handed interaction of Sr = 0.50, the decay 
branching ratio can be as large as 4 x 10 -5 , and the magnitude of Pl and P\ b become 
smaller while P/v gets larger. In the CP violating theories, the CP violating transverse A 
polarization can be up to 16%, which could be accessible in future experiments. 
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Figure Captions 



Figure 1: The differential decay branching ratio as a function of A energy with different 
values of gi/ f\ (i = 1,2). The solid curve denotes gi/ fi = 1. The thick dashed, 
dash-dotted, and dotted curves stand for gi/ fi = 1.10, 1.15, and 1.20, while 
the thin ones for gi/ fi = 0.95, 0.90, and 0.80, respectively. 

Figure 2: The differential decay branching ratio as a function of A energy with fi = 
g 2 — and different values g\/ f\- The legend of g\/ f\ is the same as Figure 
1. 

Figure 3: The differential decay branching ratio as a function of A energy with different 
values of the Borel parameter: M — 1.5 (dashed line), M — 1.7 (solid line), 
M — 1.9 (dot dashed line). 

Figure 4: The elliptic closed curves represent the decay branching ratios from inside in 
turn as (1.0, 1.3, 1.6, 2.5, 3.0) xlO -5 . The lines in first and third quadrants 
correspond to Pl = «a being ±1.0, ±0.8, ±0.5, and ±0.3, respectively. 

Figure 5: The distribution of Pa 6 as a function of E\/M^ b with various new physics pa- 
rameters of (Sl, 5r), where the solid, dotted, dashed, dense-dotted, and dash- 
dotted curves correspond to (S L , 0), (0.10, 0.25), (-2.25. - 0.50), (0.50, 2.25), 
and (—1.25, —1.50), respectively, and 5l expresses arbitrary value. 

Figure 6: The distribution of Pl as a function of E\/M\ b . Legend is the same as Figure 
5. 

Figure 7: The distribution of P^ as a function of E\/M\ b . Legend is the same as Figure 
5. 

Figure 8: The distribution of Pt as a function of E\/M^ b with various new physics 
parameters of (6l,6r), where the solid, dotted, dashed, and dash-dotted 
curves correspond to (—2.1 ± 0.5i, — 0.1 — 0.05?), (—2.5 ± 1.5?,— 1.5 — i), 
(-2.1 ± 0.5i, -1.5 - i), and (-2.5 + 1.5i, -0.1 - 0.05?), respectively. 
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Figure 1: The differential decay branching ratio as a function of A energy with different 
values of gj fi (i = 1,2). The solid curve denotes Qi/fi = 1. The thick dashed, dash- 
dotted, and dotted curves stand for Qi/fi = 1.10, 1.15, and 1.20, while the thin ones for 
9i/ fi — 0.95, 0.90, and 0.80, respectively. 
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Figure 2: The differential decay branching ratio as a function of A energy with f 2 
and different values gi/fi- The legend of g x j j\ is the same as Figure 1. 
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Figure 3: The differential decay branching ratio as a function of A energy with different 
values of the Borel parameter: M = 1.5 (dashed line), M = 1.7 (solid line), M = 1.9 (dot 
dashed line). 
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Figure 4: The elliptic closed curves represent the decay branching ratios from inside in 
turn as (1.0, 1.3, 1.6, 2.5, 3.0) xl0~ 5 . The lines in first and third quadrants correspond 
to P L = «a being ±1.0, ±0.8, ±0.5, and ±0.3, respectively. 
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Figure 5: The distribution of P\ b as a function of E A /M Ab with various new physics 
parameters of (Sl,Sr), where the solid, dotted, dashed, dense-dotted, and dash-dotted 
curves correspond to (5 L ,0), (0.10,0.25), (-2.25.-0.50), (0.50, 2.25), and (-1.25,-1.50), 
respectively, and 5l expresses arbitrary value. 
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Figure 6: The distribution of P L as a function of E A /M Ab . Legend is the same as Figure 
5. 
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Figure 8: The distribution of P T as a function of E A /M Ab with various new physics 
parameters of (Sl, Sr), where the solid, dotted, dashed, and dash-dotted curves correspond 
to (-2.1 + 0.5i, -0.1 - 0.05i), (-2.5 + 1.5i, -1.5 - i), (-2.1 + 0.5i, -1.5 - i), and (-2.5 + 
1.5i, —0.1 — 0.05i), respectively. 
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